Abstract. Studies have shown that the expression of inhibitor of differentiation (id-1) is increased in bladder cancer and is associated with drug resistance. S-allylmercaptocysteine (SaMc), a water-soluble component of garlic, is known to have a potent therapeutic effect on human cancer. The aim of this study was to investigate whether id-1 expression mediates SaMc-induced cell death in bladder cancer cells. after generating stable id-1-expressing and si-id-1 transfectants in various bladder cancer cell lines, cell sensitivity to SaMc was compared by colony formation and MTT assays. The results indicated that id-1 overexpression reduced the positive effect of SaMc on cell survival, while the inactivation of id-1 increased cellular susceptibility to SaMc. using daPi staining, the apoptosis of bladder cancer cells induced by SaMc was shown to be negatively regulated by id-1 expression. The expression of apoptosis-related proteins analyzed by Western blotting further supported the negative role of id-1 in SaMc-induced apoptosis. Furthermore, by wound closure and type i collagen invasion assays, the inhibitory effect of SaMc on the invasion and migration of bladder cancer cells was found to be associated with the down-regulation of id-1. our results demonstrated that SaMc-induced apoptosis is associated with the id-1 pathway, and that the inactivation of id-1 enhances the ability of SaMc to inhibit the survival, invasion and migration of bladder cancer cells. These findings may lead to the development of novel therapeutic strategies for the treatment of bladder cancer.
Introduction
inhibitor of differentiation (id-1), a member of the basic helixloop-helix (HlH) transcription factor family, lacks a basic domain for dna binding. id-1 therefore acts as a dominant inhibitor of the basic HlH transcription factors by forming heterodimers (1) . up-regulation of id-1 is frequently observed in numerous types of human cancer, such as lung (2) and prostate cancer (3) . research on bladder cancer has also shown that the up-regulation of id-1 is associated with clinical staging, invasive ability and increased epidermal growth factor receptor (eGFr) expression in bladder cancer cells (4) . recently, we found that regulation of id-1 had an effect on the chemosensitivity of bladder cancer cells: overexpression of id-1 decreased sensitivity to epirubicin and suppressed epirubicin-induced apoptosis, while the down-regulation of id-1 increased chemosensitivity and epirubicin-induced apoptosis (5) . These results indicate that id-1 may play a key role in tumorigenesis and cancer development, and may thus be a potential target in the treatment of bladder cancer.
in recent years, increasing emphasis has been placed on identifying naturally occurring anticancer substances that inhibit, retard or reverse the process of carcinogenesis. Garlic (Allium sativum) is a herbal vegetable that has been widely used for thousands of years. experimental and epidemiological studies have indicated that increased consumption of garlic results in a significantly decreased risk of mammary (6) , esophageal (7), colon (8) and lung (9) cancer. Several mechanisms have been proposed to explain the cancer preventive effects of allium vegetables. These include the inhibition of mutagenesis through metabolism inhibition, the inhibition of dna adduct formation, free-radical scavenging and antiproliferating activities, and the induction of apoptosis (10) . Several individual compounds have been isolated from garlic; certain of these have been found to have an active anticancer effect. S-allylmercaptocysteine (SaMc), a water-soluble organosulfur compound derived from ethanol extracts of garlic, has been demonstrated to have a potent therapeutic effect on human cancer cells. Studies in vivo and in vitro have shown that SaMc is not only able to directly inhibit the proliferation of a variety of cancer cell lines (11) , but also to (12) . These findings suggest that SaMc may be an effective agent in the treatment of primary human cancer. in a previous study (5), we found that SaMc inhibits the proliferation of bladder cancer cells and induces their apoptosis. However, the pathway by which SaMc induces the apoptosis of human bladder cancer cells has yet to be determined. Therefore, this study aimed to investigate whether id-1 expression modulates SaMc-induced apoptosis in human bladder cancer cells. To this end, we transfected a pBabe-id-1 expression retroviral vector and retroviral vectors containing an Id-1-specific small interfering RNA oligonucleotide (si-id-1) into two respective bladder cancer cell lines. We then examined whether regulation of id-1 affects the sensitivity of these cells to SaMc. our results suggest that the down-regulation of id-1 increases sensitivity to SaMc-induced apoptosis, while the up-regulation of id-1 in bladder cancer cells leads to decreased sensitivity to SaMc. Furthermore, the inactivation of id-1 enhances the inhibitory effect of SaMc on the invasive and migratory abilities of bladder cancer cells.
Identification of a novel function of

Materials and methods
Cell lines and cell culture conditions. Two human bladder urothelial cancer cel1 lines, rT112 and MGH-u1, were obtained from the department of anatomy of the university of Hong kong. The cells were maintained in rPMi-1640 medium (Sigma, St. louis, Mo, uSa) supplemented with 5% (v/v) fetal bovine serum, penicillin (100 u/ml) and streptomycin (100 U/ml) at 37˚C, 5% CO 2 . cells were split and harvested using trypsin (Sigma), and drug exposures were performed in the cell incubator.
S-allylmercaptocysteine. SaMc (purity >95%) was obtained from Wakunaga Pharmaceutical co., ltd. (Hiroshima, Japan). a stock solution of SaMc (5 mM) was freshly prepared in PBS according to the manufacturer's instructions.
Generation of stable Id-1 expressing transfectants. The pBabeid-1 expression retroviral vector and its corresponding vector control were used for the generation of stable transfectants in the RT112 cells. Briefly, the retroviral vector containing full length id-1 cdna (pBabe-id-1) or pBabe-puro was transfected into the PG13 packaging cell line (obtained from aTcc) using the calcium phosphate method. after selection for 1 week in 4 µg/ml puromycin, the culture medium containing infectious viruses was harvested for retroviral infection of rT112 cells. Briefly, the virus-containing supernatant was mixed with an equal volume of fresh medium containing 8 µg/ml polybrene and then added to the rT112 cells. Puromycin (1 µg/ml), which killed all of the parental cells, was added 24 h later. Ten id-1 stable transfectant clones were isolated 14 days after drug selection to generate rT112-pBabe-id-1 clones. vector control was generated from a pool of >20 individual clones transfected with pBabe.
Construction of si-RNA vectors and generation of stable si-Id-1 transfectants. The id-1 si-rna vector was generated using the GeneSuppressor System kit (imgenex, San diego, ca, uSa) according to the manufacturer's instructions. vectors and transfection procedures were as described previously (5) . The resulting vectors were transfected into the 293 packaging cell line using Fugene 6 reagent. retroviruses were collected 48 h later, mixed with polybrene (8 µg/ml) and then incubated with MGH-u1 cells. Positive si-id-1 clones were selected in neomycin (600 µg/ml) and a pool of stable transfectants was isolated after 6 days of drug selection.
Colony-forming assay. a single-cell suspension was prepared and seeded in 12-well plates at a density of 200 cells/well. Twenty-four hours after plating, the cells were treated with five concentrations of SAMC and incubated for 10-12 days, then fixed in 70% ethanol and stained with 1% (v/v) Giemsa blue (Merck, damstadit, Germany). colonies consisting of >50 cells were counted. Two wells were used for each concentration, and two wells treated with solvent only served as the controls. colony forming ability after SaMc treatment was calculated as the ratio between the number of colonies in the treated wells and the untreated controls multiplied by 100%. each experiment was repeated at least three times.
3-(4,5-Dimethyl
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. cell viability was measured using the MTT proliferation assay kit according to the experimental procedures described by the manufacturer (Boeringher, MO, USA). Briefly, 3,000 cells for RT112 and 1,500 cells for MGH-u1 were seeded in 96-well plates and cultured for 24 h. Two concentrations of SaMc were added, 100 µM for pBabe and id-1, 150 µM for sscon and si-id-1, respectively. cell viability was examined at different time point after treatment (24, 48, 72 and 96 h). Medium in the 72-and 96-h plates was changed at 48 h after treatment. Before testing, 20 µl of MTT labeling reagent (5 mg/ml MTT in PBS) was added and the cells were incubated for 4 h at 37˚C. Culture medium and MTT was then removed from the wells before the addition of 200 ml dimethyl sulphoxide (dMSo) to each well. The plates were further incubated for 15 min at 37˚C to dissolve the formazan crystals. optical density was measured at a wavelength of 570 nm on a labsystem multiscan microplate reader (Merck eurolab, dietikon, Switzerland). The MTT assay results are the optical density of the specimens recorded on a spectrophotometer, which reflects residual viable cell biomass.
4,6-Diamidino-2-phenylindole (DAPI) staining.
Bladder cancer cells were seeded on 6 well-plates with cover slips. cells were treated with SaMc at different doses for 24 h. at the end of the incubation, cells were fixed in 4% paraformaldehyde for 15 min. after washing twice for 5 min with 1X PBS, cells were incubated with DAPI (0.5 μg/ml) for 5 min at room temperature and then washed with 1X PBS for 5 min. after washing, slides were mounted using dako cytomation fluorescent mounting medium, and cell morphology was examined under a fluorescent microscopy. Cells which exhibited condensed chromatin at the periphery of the nuclear membrane or general fragmented morphology of nuclear bodies were considered to be undergoing apoptosis. a total of 500 cells were counted in five randomly selected fields per sample under a magnification of x400. The percentage of cells showing nuclear bodies was calculated as the ratio of number of apoptotic cells against the total cell number, counted and multiplied by 100%.
Western blotting. Western blotting as carried out as previously described (13). in brief, whole-cell lysate was prepared by re-suspending cell pellets in lysis buffer, and protein concentrations were measured using the protein assay kit (Bio-rad, Hercules, ca, uSa). The protein suspension (10-30 µg) was then loaded onto sodium dodecylsulfatepolyacrylamide gels for electrophoresis, then transferred to a polyvinylidene difluoride membrane (Amersham, Piscataway, nJ, uSa). The membranes were incubated for 1-2 h at room temperature with primary antibodies against id-1 (Santa cruz Biotechnology, Santa cruz, ca, uSa), p27 kip1 (Bd Biosciences, San diego, ca, uSa), p21
WaF1/ciP1 (dako, Tokyo, Japan), caspase-3, cleaved caspase-3, ParP, cleaved ParP, Bcl-2, Bax and β-actin (cell Signaling Technology, Beverly, Ma, uSa), respectively. after washing with Tris-buffered saline Tween-20 (TBS-T), the membranes were incubated with a secondary antibody against rabbit, mouse or goat igG. Signals were visualized using the ecl Western blotting system (amersham).
Type I collagen invasion assay. a type i collagen invasion assay was carried out as described by Bracke et al (14) with minor modifications. Briefly, collagen solution was prepared by mixing all the pre-cooled (4˚C) components, including collagen type i, minimum essential medium (MeM), PBS, sodium bicarbonate (naHco 3 ) solution and sodium hydroxide (naoH). The solution was gently agitated to avoid the introduction of air bubbles. Mixture solution (1.25 ml per well) was added to the outer wells of a 6-well plate, while 1.35 ml of the mixture solution was added to each of the middle wells. The collagen solution was allowed to solidify for ~2 h at 37˚C in a cell culture incubator. Subsequently, cells were trypsinized and resuspended in culture medium for a total volume of 2 ml. The cell suspension was then poured onto the solidified gel and allowed to attach and grow on the gel for 12 h. Twelve hours later, the culture medium was replaced with low concentration SaMc medium (100 µM). cell morphology was observed 24 h later under an inverted microscope. Solitary cells with rounded shape were considered non-invading cells, while cells with cytoplasmic extension, an indicator of invasive behavior, were considered invading cells. Ten random microscopic fields at a magnification of x400 were counted for each well. The percentage of invading cells was calculated as number of invading cells/ total number of cells x100%.
Wound closure assay. Bladder cancer cells (4x10 5 ) were seeded into 6-well culture plates and allowed to grow to 90-95% confluence in medium for 24 h. Similar-sized wounds were introduced to monolayer cells using a sterile yellow pipette tip, and medium with floating cells was carefully removed. Pre-warmed medium (2 ml) with low dose of SaMc (100 µM) was added. Images were captured at a magnification of x100 using a phase contrast microscope immediately after wound induction at 48-and 96-h intervals for id-1 transfectants, and at 12-and 24-h intervals for si-id-1 transfectants.
Results
Effect of Id-1 on cell sensitivity to SAMC. The results of the generation of stable transfectants have been described previously (5). Briefly, the bladder cancer cell line RT112 was shown to express a relatively low level of id-1. Therefore, pBabe-id-1 expression retroviral vector was transfected into an rT112 cell line, and two stably transfected clones were generated. The MGH-u1 bladder cancer cell line was shown to express a relatively high level of id-1. Therefore, a retroviral vector MTT assay of cell viability after exposure to identical doses of SaMc at different time points. cell viability was higher in the id-1 and sscon clones than in the pBabe and si-id-1 clones, respectively. The data represent the optical density ratio between the treated and untreated cells at the different time points. (c) expression of id-1, p21 WaF1/ciP1 and p27 kip1 protein in SaMctreated cell lines. The results of Western blotting show that the expression levels of id-1 were decreased and the expression levels of p21 WaF1/ciP1 and p27 kip1 were increased after treatment with increasing doses of SaMc. The expression levels of p21
WaF1/ciP1 and p27 kip1 were much higher in the si-id-1 clones than in the vector control clones.
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containing a sirna oligonucleotide targeted to the id-1 gene was transfected into the MGH-u1 cell line, and one stably transfected clone was generated. The selected transfected clones and their corresponding vector control clones were used in the present study to perform the related experiments.
To investigate the effect of id-1 regulation on the survival of cells treated with SaMc, a colony formation assay was performed on the two pairs of transfectants. as shown in Fig. 1a , the cancer cells were treated with six doses of SaMc, and SaMc was found to inhibit the clonogenesity of both pairs of cell lines in a dose-dependent manner. Moreover, the colony forming ability of the pBabe clone was much lower than that of the id-1 clone, while that of the sscon clone was much higher than that of the si-id-1 clone, after exposure to identical doses of SaMc. These results indicate that decreased id-1 expression is associated with decreased cell survival in bladder cancer cells treated with SaMc, while the up-regulation of id-1 has the reverse effect.
next, the MTT assay was used to investigate whether id-1 inactivation is capable of increasing the sensitivity of bladder cancer cells to SaMc by reducing cell viability. cells were treated with SaMc at relatively low concentrations (100 µM for pBabe and id-1, 150 µM for sscon and si-id-1) designed to induce slow cell death over a relatively long period (72 and 96 h), since previous studies on bladder cancer cells showed that treatment with relatively high doses of SAMC (≥200 µM) leads to the rapid induction of cell death. Fig. 1B shows that treatment with low concentrations of SaMc induced a loss in cell viability in the bladder cancer cells in a time-dependent manner. in addition, cell viability was higher in the id-1 and sscon clones than in the pBabe and si-id-1 clones, respectively, after exposure to identical doses of SaMc at different time points.
To investigate the underlying mechanisms responsible for the increased sensitivity to SaMc-induced growth arrest in the si-id-1 clones, the expression levels of id-1, p21
WaF1/ciP1 and p27 kip1 protein were investigated by Western blotting (15, 16) . Fig. 1c shows that after treatment with increased doses of SaMc (0, 100 and 200 µM), the expression levels of id-1 were decreased while the expression levels of p21
WaF1/ciP1 and p27 kip1 were increased. Furthermore, the expression levels of p21
WaF1/ciP1 and p27 kip1 were much higher in the si-id-1 clones than in the vector control clones. Taken together, these results indicate that the inactivation of id-1 might increase the susceptibility of bladder cancer cells to SaMc-induced cell death.
Effect of Id-1 regulation on SAMC-induced apoptosis.
Previous studies have shown that id-1 functions to protect cancer cells against apoptosis (17) . in this study, to determine whether the increased sensitivity to SaMc in the si-id-1 transfectants was due to an increased sensitivity to apoptosis, daPi staining and Western blot analysis of apoptotic-related proteins were performed. cells were stained by daPi and cell morphology was observed using fluorescence microscopy. Fig. 2a and B show the results of daPi staining of the bladder cancer cells after SaMc treatment. cells with condensed chromatin or fragmented nuclei were considered apoptotic. apoptotic nuclear bodies were observed in the cell lines treated with SaMc at concentrations of 100 or 150 µM. Fig. 2c and d illustrate the percentage of apoptotic cells induced by SaMc. in the id-1 clones, 9% of cells underwent apoptosis after treatment with 100 µM of SaMc, which was significantly lower than in the control (23.67%) (p<0.05). in the si-id-1 clones, 31.33% of cells treated with SaMc at 150 µM were in the process of undergoing apoptosis, which was significantly higher than in the vector control (18.33%) (p<0.05). These results demonstrate that SAMC is capable of inducing morphological changes associated with apoptosis in the nuclei of bladder cancer cells, and that this effect is enhanced by the inactivation of id-1.
Since nuclear apoptotic bodies were demonstrated by daPi, the expression of apoptosis-related proteins was analyzed by Western blotting to determine whether these proteins are associated with apoptosis induced by SaMc. as demonstrated in Fig. 3 , after exposure to increasing doses of SaMc (0, 100, 200 and 400 µM), total caspase-3 was cleaved into two fragments of 17 and 19 kda. expression of cleaved caspase-3 increased with an increase in the dose of SaMc and decreased with an increase in the expression level of id-1. By contrast, the expression levels of corresponding total caspase-3 decreased with an increase in the dose of SaMc and increased with an increase in the expression level of id-1. in addition, full length ParP, which is a substrate of caspase-3, was found to be cleaved into an 85-kda fragment after treatment with SaMc. changes in full-length and cleaved ParP were similar to those observed with total and cleaved caspase-3, respectively. These results further support the negative role of id-1 in SaMc-induced apoptosis, and suggest that inactivation of id-1 may induce increased sensitivity to SaMc in bladder cancer cells.
Effect of Id-1 inactivation on the SAMC-induced inhibition of cell invasion and migration. one of the characteristics of malignant cancer cells is their inclination to invade areas
outside their usual territory (18) . Invading cancer cells infiltrate into adjacent tissues by disrupting tissue architecture and penetrating the basement membrane and extracellular matrix (19) . To determine whether the inactivation of id-1 is associated with the inhibition of bladder cancer cell invasion in response to SaMc, a type i collagen invasion assay was performed. as shown in Fig. 4a , after transfection, a lower percentage of si-id-1 cells compared to sscon cells was observed in the semisolid collagen gel, and si-id-1 cells displayed an elongated or scattered morphology, indicating their weakened ability to invade the extracellular matrix (32.7 vs. 45.1%, p<0.05). When the cells were treated with 100 µM SaMc, the percentage of colonies showing elongated morphology was reduced to 24.4% for sscon and 14.3% for si-Id-1 cells (p<0.05). These results suggest that inactivation of id-1 effectively increases the inhibitory effect of SaMc on bladder cancer cell invasion.
increased migration rate is one of the key factors responsible for cancer metastasis (20) . To determine whether id-1 had any effect on the migration ability of bladder cancer cells treated with SaMc, a wound closure assay was performed. as shown in Fig. 4B , similar-sized wounds were introduced in monolayer cells, and the speed of wound closure was monitored. in the id-1 cells untreated by SaMc, the wound gap was gradually filled by migrating cells, and was almost closed by 96 h after wound induction, while a wide gap remained in the pBabe cells untreated by SaMc. By contrast, after exposure to SaMc (100 µM), the wounds of id-1 cells were still open after 96 h, and the speed of wound closure in pBabe cells was greatly reduced. Similar results were observed in sscon and si-id-1 cells, though at shorter experimental time points (Fig. 4C) . As the speed of wound closure reflects the migration ability of cancer cells, these results indicate that SaMc treatment inhibits cell migration, and that bladder cancer cells with inactivated id-1 have increased sensitivity to the inhibitory effect of SaMc on migration.
Discussion
immunotherapy with BcG for high-risk non-muscle invasive bladder cancer is effective; however, BcG is associated with marked toxicity, which limits its widespread use. in addition, in cases of advanced bladder cancer, the effect of cisplatincontaining systematic polychemotherapy is limited and has apparent side-effects. Therefore, the identification of safe and effective alternative treatments is desirable. in recent 
A B
years, increasing emphasis has been placed on identifying naturally occurring anticancer substances due to their low toxicity. numerous studies have been conducted to explore the mechanisms of action of these substances and to improve their effectiveness. The present study focused on SaMc, a water-soluble garlic derivative, and demonstrated that it exerts an anticancer effect by inhibiting cell proliferation, apoptosis, invasion and migration, which are all mediated by id-1 in bladder cancer cells. Two human bladder urothelial cancer cel1 lines, rT112 and MGH-u1, were used as in vitro models to test the regulatory effect of id-1 on SaMc-induced cell death. it was demonstrated that SaMc at the appropriate concentrations inhibited the colony forming ability of bladder cancer cells (Fig. 1a) . cell lines with high id-1 expression (id-1 and sscon) were more resistant to SaMc. By contrast, cell lines with relatively lower id-1 expression (pBabe and si-id-1) had increased sensitivity to SaMc. The evaluation of cell viability by MTT assay also showed that SaMc had an inhibitory effect on cell growth in a time-dependent manner, and that this effect was regulated by id-1 (Fig. 1B) . The inhibitory effect of SaMc and id-1 downregulation on bladder cancer cells was also confirmed by the detection of up-regulated expression levels of p21WaF1/ciP1 and p27kip1 protein (Fig. 1c) . p21WaF1/ciP1 and p27kip1 are cell cycle regulatory proteins that negatively mediate cell cycle progression (21) . Previous reports have suggested that id-1 inhibits the e2a (product of adenovirus early region 2a gene)-dependent expression of p21WaF1/ciP1 (22) , and that ectopic expression of id-1 is associated with the down-regulation of p27kip1 (23) . in this study, we observed that almost all SaMc-treated si-id-1 clones had higher p21WaF1/ciP1 and p27kip1 expression levels compared to the corresponding SaMc-treated sscon clones, and that this increase in expression was dose-dependent. This indicates that SaMc treatment and the suppression of id-1 lead to increased p21WaF1/ ciP1 and p27kip1 expression. SaMc treatment reduced id-1 expression levels, indicating that id-1 may be one of the downstream effectors for SaMc-induced growth arrest.
The ultimate role of an anticancer agent is to inhibit cellular proliferation in order to induce the apoptosis of cancer cells (24) . apoptosis is a process involving programmed cell death, and its mechanisms have been the focus of numerous studies, along with the identification of compounds that influence apoptosis. during apoptosis, chromatin in the nucleus is condensed and endo-nuclease activation results in dna fragmentation. The resulting dna fragmentation is marginalized to the nuclear periphery, leading to the formation of apoptotic bodies (25) . in the present study, in order to further investigate the anticancer effect of SaMc and the regulatory effect of id-1 on bladder cancer cells, several assays were performed to assess SaMc-induced apoptosis. The results of daPi staining demonstrated that incubation with relatively low concentrations SaMc induced nuclear apoptotic bodies in bladder cancer cells, and that more extensive dna fragmentation was induced in clones with lower expression of Id-1 (Fig. 2) . To further confirm that the apoptotic pathway activated by SaMc in bladder cancer cells was mediated by id-1 protein, the expression levels of several apoptosis-related proteins were investigated by Western blotting. caspases including caspase-3, -6, -7, -8 and -9 are present in precursor forms and are cleaved into smaller molecular weight subunits after apoptotic activation (26) . The activation of caspases plays an essential role in apoptosis. caspase-3 is the key mediator of the final stages of apoptosis; activation of caspase-3 leads to the cleavage of its substrate, poly (adP ribose) polymerase (ParP) (27) , which leads to dna fragmentation and oligonucleosome formation. The results of this study revealed that caspase-3 was cleaved into its subunits in a dose-dependent manner after SaMc treatment (Fig. 3) , and that the expression of precursor caspase-3 was similarly decreased. decreased levels of id-1 in the pBabe and si-id-1 compared to the id-1 and sscon transfectants were correlated with higher levels of cleaved caspase-3. in combination, these results suggest that SaMc may induce apoptosis in bladder cancer cells in a caspase-3-dependent manner, and that this may be mediated by id-1 expression. Tumor progression involves the invasion of cancer cells into adjacent regions or migration to distal regions, which leads to the metastasis of the original tumor. in addition to having a suppressive effect on tumor growth, SaMc has previously been reported to prevent metastasis in human cancer cells (28) . id-1 protein expression has also been found to be correlated with disease progression in several types of cancer (29) , and screening of breast cancer cell lines revealed that the expression of id-1 was directly correlated with the invasiveness of these cell lines (30) . The current findings indicate that a relatively low dose of SaMc is capable of suppressing the invasion (Fig. 4a) and migration (Fig. 4B) of bladder cancer cells. in addition, the inhibitory effect of SaMc on bladder cancer cell invasion and migration was increased in cells with inactivated id-1 (Fig. 4c) . These results suggest that SaMc may suppress the invasion and migration abilities of bladder cancer cells through inactivation of id-1.
in conclusion, our results suggest that the down-regulation of id-1 results in an increase in the SaMc-induced apoptosis of bladder cancer cells. The inhibitory effect of SaMc on cell proliferation, invasion and migration is also increased by Id-1 inactivation. These findings may lead to the development of novel therapeutic strategies for the treatment of bladder cancer.
